Introduction
The Betic Cordilleras, southern Spain, and the Rif Mountains of Morocco ( Fig. 1) are one of the youngest and more active portions of the Alpine orogen and are thus particularly suitable for the study of fast tectonic processes. They formed during convergence between the African and Iberian plates in the Tertiary period (Dewey et al., 1989) and underwent large-scale extensional collapse in the early Miocene (Galindo-Zaldõ Âvar et al., 1989; Platt and Vissers, 1989) . Extension was accommodated by thinskinned fold belts at the periphery of the system and coeval subsidence to form the AlboraÂ n marine basin.
The Nevado-FilaÂ bride Complex (NFC) and the overlying AlpujaÂ rride Complex (AC) are part of the Internal Zones of the Betic Cordilleras and record Alpine high pressure (HP) metamorphism (GoÂ mez- Pugnaire and FernaÂ ndez-Soler, 1987; GoeÂ et al., 1989; Tubõ Âa and Gil-Ibarguchi, 1991) . During exhumation, the HP rocks were partially overprinted by amphibolite and greenschist facies retrograde assemblages. Extremely high exhumation (3 cm yr )1 ) and cooling rates (200±340°C Myr ) have been proposed for the AC (SaÂ nchez-Rodrõ Âguez and Gebauer, 2000) , but they do not seem to apply to the early evolution of the NFC, despite evidence for fast tectonic denudation in the late history of this latter unit. 2
This apparent inconsistency is the consequence of the scattered radiometric dating of metamorphism in the NFC from midCretaceous (Andriessen et al., 1991) through Eocene to Miocene (MonieÂ et al., 1991; De Jong et al., 1992; Zeck et al., 1992; Puga et al., 1996; Nieto et al., 1997) , and the lack of real age constraints for the high-pressure event.
The present contribution uses new U±Pb data for zircons from a pyroxenite within ultrama®c rocks of the NFC to constrain the age of HP metamorphism. These data are then combined with published ®ssion track ages in order to draw a new pressure± temperature±time (P±T±t) path for this complex. This is a crucial step for calculating cooling and exhumation rates for the NFC and for testing the hypothesis of fast exhumation in this section of the Alpine belt.
Ultrama®c rocks of Sierra Nevada
Ultrama®c rocks are found throughout the upper sequence of the NFC (Fig. 1 ) forming strongly deformed sheets or lenses. The largest of these bodies (400 m´2 km) occurs in the Sierra Nevada at Cerro del Almirez. The ultrama®c rocks often display a compositional layering with clinopyroxene-poor and clinopyroxene-rich layers. They also contain variably rodingitized ma®c and pyroxenitic dykes, and dunitic pods (Morten and Puga, 1984; Trommsdor et al., 1998; HuÈ rlimann, 1999; Puga et al., 1999; SchoÈ nbaÈ chler, 1999) .
At Cerro del Almirez, the upper part of the ultrama®c sheet is made of foliated serpentinite which consists of magnetite + diopside ( tremolite) + chlorite + antigorite titanian clinohumite. This assemblage formed according to the reaction (Fig. 2) diopside antigorite ! tremolite olivine chlorite H 2 OX 1
The lower part of the thrust sheet is dominated by a more massive rock with tremolite + chlorite + enstatite + forsterite titanian clinohumite, which formed according to ( Fig. 2) antigorite ! enstatite olivine chlorite H 2 O. 2
The contact between the two ultrama®c rock types is irregular and is interpreted as the isograd de®ned by reaction (2) with no tectonic discontinuity (SchoÈ nbaÈ chler, 1999 Reactions (1)±(3) and their two intersections bracket the maximum P and T around 2 GPa and 700°C for the ultrama®c thrust sheet. The data also allow a retrograde P±T path to be constructed ( Fig. 2) which is consistent with that for the surrounding metapelites (SchoÈ nbaÈ chler, 1999).
Sample description and geochronology

Petrography
The dated zircon was obtained from a meta-clinopyroxenite boudin within serpentinites just outside the isograd across which enstatite plus olivine formed. The diopsidic clinopyroxene (X Mg 0.91±0.93) is dusted with inclusions of Cr-bearing magnetite and ilmenite lamellae. New, clear clinopyroxene (X Mg 0.95±0.98) overgrew the inclusion-rich generation along grain margins. The recrystallized matrix minerals comprise olivine, diopside, antigorite, minor tremolite, chromian magnetite and titanian clinohumite. Zircon and tiny zirconolite grains are found in small domains near titanian clinohumite or together with its breakdown products.
The investigated pyroxenite contains two dierent zircon populations. The majority of the zircon grains are small (£ 100 lm), opaque and locally preserve crystal faces. In cathodoluminescence, these grains have homogeneous emission and do not show any regular zoning pattern (Fig. 3a) . They contain inclusions of diopside, Al-rich antigorite and chlorite. A few zircon crystals are clear, pink and preserve crystal faces with rounded edges. This second population displays oscillatory zoning truncated by the outer shape ( Fig. 3b) suggesting that the crystals were broken, corroded or abraded, possibly before being incorporated into the ultrama®c rock.
Analytical methods
Zircons were separated according to magnetic properties and density and ®nally selected by hand-picking. After being embedded in epoxy, cathodoluminescence images were taken with a Hitachi S2250N Scanning Electron Microscope. Zircon domains free of inclusions were analysed for U, Th and Pb using the SHRIMP II ion microprobe at the Research School of Earth Sciences, Australian National University. Instrumental conditions and data acquisition were as described by Compston et al. (1992) using zircon from the Duluth gabbro (AS3) and from Sri Lanka (SL13) as standards. The data were corrected for common lead via the measured 207 Pb/ 206 Pb ratio. In the absence of any evidence for intrinsic common Pb in the zircons, Broken Hill common lead composition, which approximates the laboratory background common Pb, has been used. 
SHRIMP U±Pb ages
The unzoned zircons have relatively homogeneous and low U-and Th-contents (Table 1) . Eleven of the 12 SHRIMP analyses on nine dierent grains yield ages between 19.0 and 14.1 Myr which average at 15.0 0.6 Myr (95% c.l., Fig. 4 ). One analysis excluded from the calculation ± which yields a signi®cantly older age ± was partially measured on a large inclusion of antigorite. The three pink and clear zircons are characterized by variable U and Th concentrations and yield concordant ages around 450 and 560 Myr (Fig. 4) .
Time of zircon growth
The presence of metamorphic mineral inclusions demonstrates that the zircons grew during HP metamorphism. This conclusion is supported by the absence of planar crystal faces and oscillatory zoning in the zircon, which would instead support a magmatic origin. The inclusions found in the 15-Myr-old zircon represent the mineral assemblage stable prior to or at the HP breakdown of antigorite (Fig. 2) . It is suggested that the relatively high temperature (>630°C) at the metamorphic peak and the concomitant uid release are likely to have triggered the formation of the zircons at 15 Myr. Fluid production was triggered by the incipient breakdown of antigorite + diopside [see eqn (1) and Fig. 2] , which closely precedes the ®nal breakdown of antigorite [see eqn (2) and Fig. 2) (Trommsdor et al., 1998) . Therefore, the 15 Myr age is interpreted herein as dating the thermal peak at pressures of 2.0 GPa. The two zircons dated at around 450±465 Myr have oscillatory zoning typical of magmatic zircon and show evidence of corrosion and abrasion. The 562-Myr-old crystal contains inclusions of quartz and biotite indicating that this grain represents a xenocryst that did not form in the mantle but rather in the crust. It is likely that these Palaeozoic zircon crystals derived from crustal material recycled into the mantle that were then incorporated into the pyroxenite during its formation.
Discussion
The age of Alpine HP metamorphism
The inclusions, morphology and textural relationships of the 15-Myr-old zircon grains indicate that they grew at the thermal peak of metamorphism. In the ultrama®c rocks, the thermal peak was reached near the HP conditions (Trommsdor et al., 1998) and was followed by cooling and decompression (Puga et al., 1999) . The new U±Pb data presented herein suggest a much younger age than previously proposed for the HP event in the NFC.
The previous Palaeogene to Cretaceous age estimates were inferred from dating of the cooling path (Andriessen et al., 1991; MonieÂ et al., 1991; De Jong et al., 1992; Zeck et al., 1992; Puga et al., 1996) . An effort to measure Sm±Nd on eclogites from the MulhaceÂ n Complex documented isotopic disequilibrium (Nieto et al., 1997) . Similar problems have been (2) and (3) (see text for details) has been taken from experimental determinations reported by Ulmer and Trommsdorff (1999) . Reaction Atg ® Tlc + Ol (thin line) brackets the stability ®eld of Tlc. Many other reactions have been omitted for clarity. 39 Ar data but their interpretation contrasts with several later publications that documented fast cooling and exhumation in the Betic Cordillera (Zeck et al., 1992; MonieÂ et al., 1994; Johnson et al., 1997; Platt and Whitehouse, 1999; SaÂ nchezRodrõ Âguez and Gebauer, 2000) .
Exhumation history
The best constraints on the late metamorphic evolution of the NFC originate from zircon ®ssion track data, which have been interpreted as cooling to 230 25°C between 12 and 9 Myr (Johnson et al., 1997) . These authors estimated, using apatite modelling, that cooling was more or less complete by 11 Myr in the east and 8 Myr in the west. Thus, it could be assumed that the Cerro del Almirez rocks, which are located in an intermediate position, cooled below 230°C by 10 Myr. The ®ssion track data are in agreement with sedimentological data. The ®rst in¯ux of clastic sediments shed from the NFC in the adjacent basins took place during the Serravallian ( 11 Myr) in the east (Braga and Martõ Ân, 1988) and during the late Tortonian (less than 8.5 Myr) in the west (Rodrõ Âguez FernaÂ ndez, 1983) .
The rates of exhumation and cooling of the studied NF rocks can be estimated combining the ®ssion-track and sedimentological data with the new SHRIMP age (Fig. 5) . It is assumed that exhumation begun at 15 Myr, shortly after peak metamorphism (minimum conditions of 18 GPa 67 km and 630°C). At around 10 Myr and 230°C (blocking temperature for zircon ®ssion tracks according to Johnson et al., 1997) , the NFC rocks reached a depth ranging between 7 and 10 km (0.2±0.3 GPa) depending on the assumed geotherm (Spear, 1993) . These results point to a fast exhumation at a rate of 1.1± 1.2 cm yr )1
, which is comparable, even though slightly slower, to those estimated for other eclogitic terrains within the Alpine chain (Gebauer et al., 1997; SaÂ nchez-Rodrõ Âguez and Gebauer, 2000; Rubatto and Hermann, 2001) .
The resulting minimum cooling rate is 80°C Myr
, which is lower than that calculated by Johnson et al. (1997) for the late cooling of the NFC (ranging from 105°C to 170°C Myr )1
). However, the lower cooling rate deduced for the Cerro del Almirez is still in line with the thermal evolution expected for deep rocks being exhumed at very fast rates. It is to be expected that cooling rates were relatively slow at depth and dramatically increased at shallower levels with decreasing exhumation rates (Johnson et al., 1997) .
Tectonic implications
The temperature±time paths shown in Fig. 5 indicate that the NFC underwent a similar thermal evolution to the overlying AC (Zeck and White- Fast cooling and exhumation of the Nevado-Fila Â bride · V. (Fig. 5) . In fact, geochronological (Platt and Whitehouse, 1999; Zeck and Whitehouse, 1999; SaÂ nchez-Rodrõ Âguez and Gebauer, 2000) and sedimentological data (Braga et al., 1996) indicate that the upper units of the AC underwent HP metamorphism before or at 20 Myr and were already exhumed at 18±15 Myr. At this time (4±8 Myr before its exhumation) the NFC was still being subducted. This interpretation contrasts with previous models for the tectonic history of the two complexes. Such models were based on geochronological data (De Jong, 1991; MonieÂ et al., 1991) indicating that HP metamorphism in the NFC preceded that of the AC and implied a crossover in the time±depth paths of both units (Fig. 5) .
A subsequent tectonic implication of the 15 Myr age for HP metamorphism in the NFC is that subduction in the Betic Chain lasted at least until the middle Miocene, longer than previously thought. In fact, active continental subduction has been recently detected below the Betic Cordillera and the AlboraÂ n Sea (Morales et al., 1999) . Furthermore, the fact that two units (NFC and AC) underwent parallel but not synchronous metamorphic histories is an important result: it implies that subduction and exhumation can act simultaneously within an orogen during the tectonic evolution of young collisional belts. In this case, the P±T evolution of the NFC and AC can be explained by exhumation mechanisms (see Lonergan and White, 1997 for discussion) , that propagated through the Betic Chain during the Miocene. , d ) the cooling curves of three transects for the uppermost structural levels within the NFC (Johnson et al., 1997) , including the curves (dashed lines) calculated by these authors for the radiometric data of De Jong (1991) and MonieÂ et al. (1991) ; and (e) the cooling path calculated by Zeck and Whitehouse (1999) for the AlpujaÂ rride rocks of the Torrox area. Note (i) that the NFC and AC paths are subparallel if the new data reported here are considered and (ii) how they cross if previous radiometric data are considered. 
